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Serum free medium increases expression of markers
of differentiation in human colonic crypt cells

P Gibson, 0 Rosella, G Young

Abstract
In colitis, colonic epithelial cells have a short-
ened life span but show normal or increased
expression of phenotypic markers of differen-
tiation. This study examined the effect of
differing culture conditions on the expression
of such markers in colonic crypt cells. Crypt
cells were enzymaticaliy isolated from macro-
scopically normal large bowel mucosa
resected because of neoplasia, inflammatory
bowel disease or non-neoplastic non-inflam-
matory conditions. Cells cultured in the
presence of serum exhibited a doubling of the
rate of protein synthesis (measured by 14C-
leucine uptake; p<O001) compared with auto-
logous cells cultured in the absence of serum
without evidence of loss of cell viability (asses-
sed by 51Cr release from prelabelled cells) or of
change in the rate of cell proliferation (asses-
sed by total DNA content and 3H-thymidine
uptake). Irrespective of the underlying colonic
disease, crypt cells cultured in the absence
of serum exhibited increased expression of
phenotypic markers of differentiation com-
pared with those cultured with serum: the rate
of glycoprotein synthesis relative to that of
protein synthesis increased by a mean of 59%
and the cellular expression of brush border
glycoproteins, alkaline phosphatase, and car-
cinoembryonic antigen significantly increased.
The effects seen could not be mimicked by
addition of dexamethasone or insulin to serum
free medium. Thus, under less optimal (serum
free) culture conditions, colonic crypt cells
express phenotypic markers of differentia-
tion at an accelerated rate suggesting that
unfavourable microenvironmental conditions
themselves are probably in part responsible for
the normal or increased expression of such
markers in colitis.
(Gut 1994; 35: 791-797)

Department of Medicine,
University ofMelbourne,
The Royal Melbourne
Hospital, Victoria,
Australia
P Gibson
O Rosella
G Young
Correspondence to:
Dr P Gibson, Department of
Medicine, The Royal
Melbourne Hospital, Victoria
3050, Australia.

Accepted for publication
28 September 1993

Colonic epithelial cells have a short life span of
less than seven days yet, in this time, they rapidly
differentiate, principally into mature mucin
secreting cells or colonocytes. Apparent pertur-
bation of this differentiative process may occur
in morphologically normal epithelium in large
bowel diseases characterised by focal lesions
including cancer, adenoma, and hyperplastic
polyps,' 2 and in diffuse large bowel disease such
as ulcerative colitis.2-7 In patients with ulcerative
colitis, there is an increased rate of proliferation
of colonic epithelial cells.8-" As the crypt length
is generally shortened, cell turnover must be
increased. Despite the shortened life span of the
cells, the expression of markers of a differenti-
ated phenotype seems not to be diminished; for
example, an immunohistological study showed

normal to increased expression of a 35 kD glyco-
protein marker of differentiation6 while quanti-
tative measurement of markers in homogenised
mucosa has shown normal to increased expres-
sion of carcinoembryonic antigen7 and increased
activity of dipeptidyl peptidase IV (unpublished
findings). Thus, the rate of differentiation seems
to be accelerated if indeed such markers
adequately reflect the state of differentiation.

Several underlying mechanisms may be
implicated. Firstly, it may result from inherent
abnormalities of epithelium in ulcerative
colitis.12 Secondly, there might be a specific
effect on epithelial differentiation of cytokines or
other soluble mediators to which the epithelium
is exposed during mucosal inflammation.
Thirdly and more simply, it possibly results
from a non-specific effect of an unfavourable
epithelial microenvironment either because of
the abnormal presence of such factors as free
oxygen radicals, platelet activating factor,
relative hypoxia, or activated neutral proteases
or because, as postulated by Roediger,'3 com-
parative starvation of the cells that might occur
because of the inflammatory infiltrate and
oedema, changes in luminal mircoflora, and poor
butyrate production or utilisation, or both.

Current understanding of extrinsic factors
that might modulate colonic epithelial differen-
tiation is very limited. Progress in defining
requirements of colonic epithelium for growth
and differentiation has been hindered by the lack
of satisfactory, relevant in vitro cell systems in
which such factors might be identified. Methods
for the isolation of human colonic crypt cells,
however, which are viable for at least 24 hours in
vitro have recently been established.'4 'S We have
used the enzymatic method of isolation to show
that butyrate acts on colonic crypt cells from
cancer bearing colons to suppress the expression
of markers of the differentiated phenotype in
vitro'6 in contrast with the promotion of differen-
tiation butyrate exerts over many neoplastic cell
types. 1718 The aim of this study was to find out if
an unfavourable microenvironment might non-
specifically affect colonic epithelial differentia-
tion by utilising our ability to obtain comparative
pure colonic crypt cells in vitro and by compar-
ing the effects on their expression of phenotypic
markers of differentiation of more favourable
culture conditions with less favourable condi-
tions.

Methods

SPECIMENS
As normal large bowel mucosa is difficult to
obtain, studies were performed on mucosa that
was macroscopically normal but obtained from
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patients undergoing surgical resection because of
a variety of large bowel disorders. Mucosa
adjacent to that studied was normal in all patients
histologically. The underlying disorders com-
prised angiodysplasia (n=2), diverticular disease
(n= 3), sigmoid volvulus (n= 1), colorectal
neoplasia (n=4 with adenomas, n=5 with
carcinoma), or inflammatory bowel disease (n=4
with distal ulcerative colitis, n=2 with Crohn's
disease). In neoplasia bearing colons, tissue was
taken more than 10 cm from the edge of the
tumour. Mucosa from patients with inflamma-
tory bowel disease was removed from areas that
were apparently not affected as determined by
previous clinical assessment, by its normal
macroscopic appearance, and by the normal
histology of adjacent mucosa. The procurement
of colonic specimens was approved by The Royal
Melbourne Hospital Board of Medical Research
and Ethics Committee.

ISOLATION OF COLONIC CRYPT CELLS
Colonic crypt cells were isolated from resected
mucosa using the collagenase/Dispase technique
as previously described.'5 Cell populations were
contaminated with less than 8% non-epithelial
cells on morphological criteria and the viability of
colonic epithelial cells as assessed by 0 1% trypan
blue exclusion was always >98%. For some small
specimens, insufficient cells were obtained to
perform all experiments. The culture medium in
which crypt viability over 24 hours in vitro has
been previously shown'5 16 comprised Dulbecco's
modification of Eagle's medium (DMEM)
containing 20% Nu serum-i (Collaborative
Research, Lexington, Mass, USA), 25 mM
hydroxyethylpiperazine-ethanesulphonic acid
(HEPES), 4 mM L-glutamine, 50 units/ml
penicillin, 50 [tg/ml gentamicin, and 100 units/
ml nystatin. Nu serum is a partly defined serum
substitute and contains 25% vol/vol newborn calf
serum. A single batch ofNu serum was used for
all experiments. Experiments were performed
using this medium or the identical medium but
without addition ofNu serum. For some studies,
addition of a range of concentrations of dexa-
methasone (Sigma) or insulin (Sigma) in serum
free medium was used.

ASSESSMENT OF NET SYNTHESIS OF
GLYCOPROTEINS AND PROTEINS
Colonic crypt cells were cultured in 96 well
U bottomed plates in a total volume of 0-2 ml in
5-6 replicate wells. Because these cells cannot be
accurately counted by virtue of their being
anchored to each other in crypt conformation,
the number of cells placed in the wells were
estimated according to a visual inspection of cell
pellet size after the final centrifugation step in the
isolation method and varied from population to
population. Retrospective analysis ofDNA con-
tent per well showed this to be in the range of
2-8 pg. At the end of 20-22 hour culture period,
the wells were pulsed for four to six hours with
1-0 [tCi of [3H]-glucosamine (20 ,uCi/mmol, 740
GBq/mmol, Amersham, Little Chalfont,
England) and 1 0 ,uCi [14C]-leucine (0-282 [tCi/
mmol, 10-4 GBq/mmol, Amersham). The

culture was terminated by washing the cells in
1 5 ml Hank's balanced salt solution and precipi-
tation of protein by the addition of 1 ml of a
mixture of 10% trichloracetic acid and 1% phos-
photungstic acid (TCA-PTA). The cells were
washed twice in the plate and PTA-TCA added
directly to the wells. Preparation of the precipi-
tated protein pellets for I counting then pro-
ceeded as previously described.'6 Briefly, the
pellets were washed three times with TCA-PTA
and twice with a 1:1 mixture of chloroform and
methanol. After air drying of the pellet, it was
dissolved in 0-25 ml of newborn calf serum,
transferred to counting tubes, and 4 ml of non-
aqueous scintillant added. Radioactivity was
measured in a liquid scintillation counter with
double label window settings. The machine had
automatic conversion to dpm after correction for
quenching and isotope spill. The counts were
always >1000 dpm. The results were expres-
sed as dpm/h by dividing the counts by the
number of hours of the pulse with the tracer. A
glycoprotein:protein synthesis (G:P) ratio was
calculated by dividing dpm for [3H]-glucosamine
uptake by dpm for [14C]-leucine uptake in the
same sample and the average for replicate wells
determined. The coefficient of variation between
replicate wells was <15%. As the leucine and
glucosamine concentrations in the medium
and the volume of radiolabelled leucine and
glucosamine added were the same for all experi-
ments, leucine and glucosamine specific radio-
activities were considered to be constant. To
assess the efficiency of washing free tracer from
precipitated protein, preliminary experiments
were performed in which radiolabelled leucine
and glucosamine were added to crypt cells and
harvesting (as above) was performed within five
minutes. Counts obtained in such experiments
were always <200 dpm. Previous experiments
had shown that [3H]-glucosamine and [14C]-
leucine uptake was roughly constant over >24
hour culture in serum containing medium. 16

ASSESSMENT OF THE RATE OF DNA SYNTHESIS AND
OF DNA CONTENT
The rate of DNA synthesis was measured by
culturing cells in five replicate wells in media of
different compositions and by pulsing with 1 0
[tCi [3H]-thymidine (76 Ci/mmol, 2-81 TBq/
mmol, Amersham) from 20-28 hours. [3H]-
thymidine uptake was assessed in TCA-PTA
precipitates prepared similarly to those above
and expressed as dpm/h. Coefficient of variation
between replicate wells was <10%. DNA con-
tent of cell homogenates (see below) at the end of
culture for 24 hours was measured by a fluoro-
metric method using calf thymus DNA as
standard.'9 Colonic crypt cells cultured in serum
containing medium have previously been shown
to have a constant rate of [3H]-thymidine uptake
over 16 hours'5 and, in additional preliminary
experiments, the rate of uptake remained con-
stant over 28 hours (data not shown).

BRUSH BORDER MARKER STUDIES
To determine the effect of serum on the expres-
sion of markers of differentiation, cells were
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cultured at 37°C in medium containing 20% Nu
serum added at the initiation of the cultures and
the results compared with those of cells similarly
cultured but without serum in the medium.
Colonic crypt cells were cultured in 96 well plates
in a total volume of 200 tl. Under these condi-
tions of culture, few cells or crypts adhere to the
plastic and most remain in suspension. At
the end of the culture period, the cells were
harvested by aspiration from the wells followed
by centrifugation and were resuspended in 1 ml
of mannitol buffer (50 mM D-mannitol and
2 mM trizma base in dH2O, pH 7T4). Both the
cells in buffer and supernates were stored at
-20°C until assayed. All studies were performed
in triplicate or quadruplicate.

Just before assaying, cell suspensions were
mechanically homogenised at 4°C in the
mannitol buffer with 0-1% Triton X-100.
Alkaline phosphatase was measured spectro-
photometrically using p-nitrophenol as substrate,
carcinoembryonic antigen20 was measured by
radioimmunoassay (Diagnostic Products Incor-
poration, Los Angeles, CA), and protein content
using bovine y globulin as standard.2' Alkaline
phosphatase activity and carcinoembryonic anti-
gen content were expressed relative to cellular
protein content or to DNA content and average
values for replicate samples were calculated. The
coefficient of variation for alkaline phosphatase,
carcinoembryonic antigen, protein, and DNA
estimations was <10%.

CELL MEMBRANE INTEGRITY
As a further assessment of cell viability, the
integrity of the plasma membranes of colonic
epithelial cells under various culture conditions
was measured by the leakage of 5'Cr into the
supernates from prelabelled cells. Freshly
isolated colonic epithelial cells from three
patients with large bowel cancer were labelled
with 5'Cr by 1-5 hours incubation in 100 [tCi
sodium 5tchromate as previously described.'5
Cell aliquots were placed in a total volume of 200
,ul of culture medium containing 0, 2, 5, 10, or
20% Nu serum, or 2% Triton X-100 (maximal
release). The plate was centrifuged at 200 g for
three minutes and 100 >t aliquots, which were
carefully aspirated at times zero and 16 hours
were counted in a gammacounter (Crystal Multi
Detector Gamma System, Packard Instrument
Company Inc, Downer's Grove, IL). The
averages of six wells were calculated (coefficient
of variation <10%). The spontaneous release
over the 16 hour culture period was expressed as
a percentage of the maximal release over the
same period.

STATISTICAL EVALUATION
All analyses were performed using Microstat
release 4.1 (Ecosoft Inc, Indianapolis, USA,
1984). A goodness of fit test was used to check if
data approximated to a normal distribution.
Normally distributed data are expressed as mean
(SEM) and were evaluated using the paired or
Student's t test. Non-parametric data are expres-
sed where appropriate by median value (range)
and were compared using Wilcoxon's ranked
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Figure 1: Specific 5 Cr release from prelabelled colonic crypt
cells during culture under a range ofconcentrations ofNu
serum. The results shown are from three separate experiments
in which the cells were culturedfor 16 hours (-0-), 18 hours
(-LO-), and 24 hours (-*-).

sign or sum test. A p value -0 05 was considered
significant.

Results
The effects on several indices of two culture
media, comprising supplemented DMEM con-
taining 20% Nu serum and supplemented
DMEM without serum, were evaluated. The
viability of colonic crypt cells over a 24 hour
period in the serum containing medium has
been shown on multiple criteria in previous
studies.'5 16 Continuing viability under serum
free conditions was evaluated by examining cell
membrane integrity by measuring 5 Cr-release
from prelabelled cells. As Figure 1 shows, the
leakage of 5'Cr from the cells (all from cancer
bearing colons) in three experiments over 16-24
hours was < 1-5%/h over a range of serum
concentrations indicating maintenance of cell
membrane integrity. 5 Cr leakage from cells
cultured without Nu serum (23 (4)%) was
slightly (but statistically significantly) lower than
that from cells cultured in the presence of serum
(24 (4)%; p=0 01, one-tailed t test).
To appropriately assess effects of the con-

ditions specifically on differentiation, it was
important that the rate of cell proliferation was
not affected by the conditions used. As colonic
crypt cells cannot be accurately counted because
they are tightly bound to neighbouring cells
in the form of crypts, cell proliferation was
examined by measuring the rate ofDNA synthe-
sis and the DNA content of the cell populations.
The rate of DNA synthesis, assessed by 3H-
thymidine uptake, in cells cultured with serum
had a median (range) of 1401 (324-8863) dpm/h
and this was similar to that in cells cultured
without serum where the uptake was 1796 (374-
7223) dpm/h (n=12; p=0-38, Wilcoxon signed
rank test). Furthermore, the DNA content of
cells cultured with serum (5 25 (0 60) rig; n= 14)
was similar to that without serum (5 38 (0 58)
tg; p=0 16, paired t test). Disease related
differences were not found for either index (data
not shown).
To show that the two culture conditions

differed in their effect on important cellular
processes, their effects on the rates of synthesis
of protein and glycoprotein were measured. The
rate of protein synthesis was greater in serum
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Figure 2: A comparison ofthe rates of(A) protein synthesis (14C-leucine uptake) and (B)
glycoprotein synthesis (3H-glucosamine uptake) ofcolonic crypt cells cultured with and without
Nu serum (20%). Cells were isolatedfrom macroscopically normal colon affected by neoplastic
(0) or non-neoplastic disease (O) comprising inflammatory bowel disease (n=5) and non-
inflammatory conditions (n=2). The rates ofprotein and glycoprotein synthesis were
significantly greater with serum (p<0 001, p=0-026, respectively; paired t test).

containing medium in every cell population
examined. 14C-leucine uptake by cells cultured
in the presence of serum (1993 (291) dpm/h;
n= 15) was almost twice that of autologous cells
cultured without serum (1083 (203) dpm/h;
p<0 001, paired t test). Figure 2A shows a

comparison ofindividual colonic crypt cell popu-
lations. No significant difference in the serum

induced increase in the rate of protein synthesis
was seen between cells from neoplasia bearing
colons (increase of 102 (34)%) and those from the
non-neoplastic colons (145 (73)%; p=0-31). The
differences between the rates of glycoprotein
synthesis (as measured by 3H-glucosamine
uptake) seen in colonic crypt cells cultured in the
presence or absence ofNu serum were smaller in
magnitude and more variable than for protein
synthesis (Fig 2B) but a statistically significant
increase was found for cells cultured in serum

containing medium (3468 (438) dpm/h, n=15)
compared with those cultured without serum

(2672 (304); p=0*026, paired t test). The
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Figure 3: A comparison of
the G:P ratio exhibited by
colonic crypt cells cultured
for 24 hours with and
without Nu serum (20%).
Cells were isolatedfrom
macroscopically normal
colon affected by neoplastic
(0) or non-neoplastic disease
(-) comprising
inflammatory bowel disease
(n=5) and non-
inflammatory conditions (n-
2). The G:P ratio was
significantly greater in the
absence ofserum (p<0 001;
paired t test).
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increase in the rate of glycoprotein synthesis was
similar in each patient group (neoplasia 33
(21)%, non-neoplasia 53 (23)%; p=0 30).
The G:P ratio was significantly higher for

colonic crypt cells cultured in the absence of
serum (3 07 (0 43), n= 15) than that of cells
cultured in the presence of 20% Nu serum (2 04
(0 32); p<0 001, paired t test). As Figure 3
shows, the G:P ratio was higher when serum free
medium was used for all but one cell population
(from a patient with Crohn's disease). The
increase in G:P ratio seen in serum free condi-
tions was. significantly greater in cells from
patients with neoplasia (56 (6)%) than from those
without (35 (8)%; p=0O035).
The expression in cell homogenates of two

brush border markers of the differentiated
phenotype, alkaline phosphatase, and carcino-
embryonic antigen, was assessed in colonic crypt
cell populations after 24 hours culture in serum
containing or serum free media. All cell popula-
tions, when cultured in the absence of serum,
exhibited increased expression of both markers
relative to total cellular protein compared with
autologous cells cultured with serum. Thus,
alkaline phosphatase activity increased from a
median of 4 11 U/g in the presence of serum to
5.57 U/g (n=14; p<0O001, Wilcoxon signed
rank test) in its absence (Fig 4A). The increase
seen in cells from patients with neoplasia (66
(23)%, n=5) was similar to those from patients
without neoplasia (78 (16)%, n=9). The median
carcinoembryonic antigen content increased
from 200 ,tg/g to 348 [tg/g (n= 10; p=0 001)
respectively (Fig 5A) and the increase seen for
cells from patients with neoplasia (50 (11)%;
n=6) was not statistically different from those in
cells from patients without neoplasia (72 (15)%;
n=4).

Because cellular protein content was higher in
cells cultured in the presence of serum (0-26
(0-04) g/mg; n= 14) compared with those
cultured in its absence (0 19 (0 04) g/mg;
p=0 001, paired t test), both markers were also
expressed relative to cellular DNA content. As
Figure 4B shows, alkaline phosphatase activity
significantly increased from a median of 105
U/mg when cultured without serum to 1 26
U/mg with serum (p=0008, Wilcoxon signed
rank test). Carcinoembryonic antigen content
was also significantly greater in cells from serum
free medium (median 52 mg/g) than in those
cultured with serum (29 mg/g; p=0O007; Fig
SB). Disease related differences were not seen for
either marker.
The amount of alkaline phosphatase and

carcinoembryonic antigen shed by cells into the
supernates was measured for three cell popula-
tions and, as the Table shows, both glyco-
proteins were present in consistently greater
amounts in serum free than serum containing
medium, whether the results were expressed
relative to protein or to DNA. In additional
experiments, the alkaline phosphatase activity of
freshly isolated colonic crypt cells was compared
with that in autologous cells after 24 hours
culture. Alkaline phosphatase activity in cells
before culture had a median (range) of 6-2 (1-3-
30 3) U/g protein (n=8) and increased signific-
antly after 24 hours culture to 15-6 (2(0-31-6)
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Figure 4: A comparison ofalkaline phosphatase activities in colonic crypt cell homogenates after
24 hours culture ofthe cells in the presence and absence ofNu serum (20%) when expressed
relative to (A) cellular protein content or (B) cellularDNA content. Cells were isolatedfrom
macroscopically normal colon affected by neoplastic (0) or non-neoplastic disease (0)
comprising inflammatory bowel disease (n=3) and non-inflammatory conditions (n=6). In the
absence ofserum, values were significantly greater when expressed relative to protein (p<0 001)
orDNA (p=0 008).

U/g (p=0.034, Wilcoxon signed rank test) in
serum containing medium and to 19 9 (4 7-56 3)
U/g (p=0 006) in serum free medium.
To find out iftwo common additives to culture

media might be at least partly responsible for the
differences in responses of colonic crypt cells to
medium with and without serum, the effects of a
range of concentrations of insulin and dexa-
methasone when added to serum free media on

the rates of protein and glycoprotein synthesis
atid on the G:P ratio were examined. As Figure 6
shows, neither dexamethasone or insulin
changed the rate of protein synthesis or the G:P
ratio of colonic crypt cells when tested at concen-
trations ranging from those present in Nu serum

to pharmacological concentrations. No effects
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Figure 5: A comparison ofthe carcinoembryonic antigen (CEA) content ofcolonic crypt cell
homogenates after 24 hour culture of the cells in the presence and absence ofNu serum (20%)
when expressed relative to (A) cellular protein content or (B) cellular DNA content. Cells were
isolatedfrom macroscopically normal colon affected by neoplastic (0) or non-neoplastic disease
(0) comprising inflammatory bowel disease (n=2) and non-inflammatory conditions (n=2). In
the absence ofserum, values were significantly greater when expressed relative to protein
(p=0 001) orDNA (p=0 0078).

Discussion
Human colonic crypt cells cultured for 24 hours
under the two conditions in this study - culture
medium supplemented with serum and culture
medium providing only basic salts, nutrients,
and buffers - maintained plasma membrane
integrity, continued to carry out complex meta-
bolic processes such as protein, glycoprotein,
and DNA synthesis, and, as recently discovered,
production and secretion of the proteins,
urokinase and plasminogen activator inhibi-
tor-1. . The cells, therefore, maintain their
viability in both serum free medium and, as

previously shown, in serum containing medium.
The rate of cell proliferation as assessed by the
rate of DNA synthesis and total cellular DNA
content is similar under both conditions. Differ-
ences were found, however, in the rate at which
proteins and to a lesser extent, glycoproteins
were being synthesised. Thus, the effects on the
expression of features of a differentiated pheno-
type of two culture conditions with differing
non-specific effects on basic cellular processes
could be compared without the confounding
problems of cell toxicity and changes in rates of
cell proliferation.

Colonic crypt cells exhibited consistently
greater rates of glycoprotein synthesis relative to
that of protein synthesis in serum free compared
with serum containing conditions. Pulse chase
tracer experiments have shown that differenti-
ated large bowel epithelial cells have higher rates
of glycoprotein synthesis than less differentiated
cells.23 Measurement of the effect of factors on

the absolute rate of glycoprotein synthesis in
isolated cells, however, does not take into
account possible modulation of the general meta-
bolic activity of the cells, which may be, for
example, non-specifically suppressed by less
favourable culture conditions as seen with serum
free media in this study. Expressing the rate
of glycoprotein synthesis relative to the con-

currently measured rate of protein synthesis, a

metabolic process shared by cells mature and
immature, attempts to correct for such non-

specific changes in metabolic activity. Thus, a

change in G:P ratio associated with a change in
culture conditions might point to a change in the
rate of differentiation of those cells because of
that change in environmental conditions.
Indeed, the G:P ratio parallels the state of
differentiation of at least one colon cancer cell
line.'6 The expression of specific glycoproteins
associated with a differentiated phenotype
(alkaline phosphatase24 and carcinoembryonic
antigen25 26) by colonic crypt cells may also give a

guide to the state of differentiation of a cell
population when considered relative to such
expression in autologous cells cultured in parallel
but under different conditions. As brush border
proteins have a comparatively rapid turnover
with half lives measured in hours,27 29 halving of
the general rate of protein synthesis should also
have an effect on reducing the cellular content of
these proteins. Alkaline phosphatase activities
and carcinoembryonic antigen content, how-
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Alkaline phosphatase activities and carcinoembryonic antige
homogenates ofcolonic crypt cells and their culture supemates
and serum containing medium

Serum free medium Sen

Cell associatedSupernate Total Celt

Alkaline phosphatase
U/gprotein 42 1(10 9)* 8-0(3 0) 49-9(8-0) 24
U/mgDNA 7-4(2-5) 2-8(1 0) 9-7(2 0) 6

Carcinoembryonic antigen
tg/g protein 769 (57) 314 (10) 1083 (53) 356
Rg/mg DNA 181 (77) 64 (37) 244 (113) 94

*Mean (SEM), n=3; tp<0 05 compared with autologous serum
:tp<002 compared with autologous serum free result (one tailed
with autologous serum free result (one tailed paired t test); 110 10
serum free result (one tailed paired t test).

Figure 6: Effect of a range of
concentrations of tnsulin or
dexamethasone on the rate of
protein synthesis and the
G:P ratio exhibited by
colonic crypt cells cultured in
serum free medium. Results
are expressed relative to those
from autologous control cells
cultured without insulin or
dexamethasone, and are
shown as mean (SEM). No
significant effects were seen.
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in content ofautologous culture. The reasons why differentiation is not
safter 24 hour culture in serum free slowed in parallel, however, with the rate of

protein synthesis in the absence of serum com-
um containing medium pared with its presence are not clear. It might be

anticipated on first principles that serum free
conditions are not optimal for colonic epithelium

2 (4 6)t 2*9(1 4)t 27 1(3_9) and the data presented support this view. The
il (2 I)t 1 2 (0 2)t 7-5 (2 0)§ suboptimal conditions themselves probably
(179)t 183 (41): 539 (105l suppress a number of important activities of the
[(184i: 37(13)11 131(27)11 cells such as protein synthesis but they para-

doxically seem to increase the expression of these
free result (one tailed paired t test); markers of cellular differentiation. Improve-
paired t test); §p<001 compared
<p<OO5 compared with autologous ment of culture conditions by the addition of

serum accelerates the rate of protein synthesis
but slows differentiation. Addition of butyrate to

I cellular protein) of colonic serum containing medium might further
ad 50% higher after 24 hour optimise conditions by supplying an important
media compared with cells energy substrate30 and we have recently shown

i. An increased content of that this manoeuvre suppresses the rate of
per cell basis under serum differentiation by colonic crypt cells from
confirmed by the increased patients with colorectal carcinoma.'6 Thus, these
;e activity and carcino- findings suggest that less favourable conditions
content when expressed are associated with accelerated ageing of colonic
)NA, a parameter that will crypt cells while more optimal conditions lead to
e conditions used. Further- slower rates of differentiation. This view is
ats of alkaline phosphatase consistent with in vivo findings made in both
ic antigen were shed into the ulcerative colitis and Crohn's disease, where,
um free conditions. The despite a hostile and presumably suboptimal
glycoprotein synthesis and epithelial microenvironment when active
ession of specific glyco- mucosal inflammation is present, colonic
markers of a differentiated epithelium exhibits normal or even increased
ions providing nutrient and expression markers of differentiation67 despite
that the differentiative drive the shorter life span of epithelial cells." The
cells does not depend upon. direct application, however, of these data
crs present in the serum and obtained in isolated crypt cells devoid of their
ly constitutive. normal basement membrane to the in vivo
isolated by the collagenase/ situation must proceed with extreme caution.
maintain a differentiated Though the colonic crypt cells studied were
rer the first 24 hours in vitro obtained from histologically normal mucosa,
hology on electron micro- most derived from patients with large bowel
increasing expression of diseases characterised by epithelial abnormali-

. Most cells in this study ties. How well in vitro responses of these cells
by virtue of their associated reflect those of truly normal colonic epithelium is
tetry of the microplate wells open to speculation. Unfortunately, the procure-
a sufficient contact with the ment of sufficient numbers of normal human
rere not harvested for assay. large bowels to adequately consider this issue is
organised conformation of very difficult. The responses seen, however,
an important factor in these were highly consistent and disease related differ-
i differentiate in primary ences were not apparent; in particular, cells from

the six bowels that approximated normality
(angiodysplasia, diverticular disease, and

Dexamethasone sigmoid volvulus) behaved very similarly to
those from the other patients. Thus, it is reason-
able to anticipate that the findings of this investi-
gation do reflect those of normal colonic
epithelium.

Although the nature of the factors in serum
that were responsible for the higher rates of
protein synthesis and suppression of the G:P

10-7 10-6 10-5 ratio was not systematically investigated, the
effects of two almost universally used additives
to culture media, dexamethasone and insulin, on
synthetic rates of colonic crypt cells were asses-
sed to discover if they might be contributing to
the effects noted for serum. Neither of these
agents exerted a discernible effect on the
synthetic rate of proteins or on the G:P ratio.
Further experiments are required to define the

10-7 10-6 10-5 factors underlying the observed effects.
Concentration (M) In conclusion, this study has shown that the
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biological behaviour of colonic epithelial cells in
vitro depends very much on the culture condi-
tions being applied. Under serum free condi-
tions, which provide nutrients and buffer alone,
colonic epithelial cells remain viable and meta-
bolically active but the cells exhibit a decreased
rate of protein synthesis with a concomitant
comparative increase in the rate of glycoprotein
synthesis and increase in the expression of
phenotypic markers of differentiation, alkaline
phosphatase and carcinoembryonic antigen,
compared with cells exposed to serum. This
occurs independently of effects on cell prolifera-
tion. These findings suggest that differentiation
of colonic epithelium is constitutive and that its
rate is not slowed but may be accelerated when
the epithelium is exposed to suboptimal
conditions.
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